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November 12, 1981

DTIC

TO: Mr. Lee Webster, ATC-T ’f ":3-57'.‘.'ECTE
Project Engineer ~. DEC29 \?VSL
Ballistic Missile Defence o o

Advanced Technology Center Qk,”-/g\' !
P.0. Box 1500 ¥ 0
Huntsville, AL 35897 A A
J\ ' -)\“‘[.
FROM: Professor Robert D. Hunsucker |\
SUBJECT: Final Report, Title: Ionosphere Research

Contract No. DASG60-80-C-0047

Objectives:

The aim of the contract between BMC/ATC and the Geophysical institute of
the University of Alaska (GI/UAF) has been to provide support for Mr.
Robert Freyman of Los Alamos National Laboratories (LANL) to conduct
investigations nf the long-delay-echo (LDE) phenomenon at field sites in
the auroral zone.

[~

The Principal Investigators of the project were Professor Robert Hunsucker ]
of the GI/UAF and Mr. Robert Freyman of LANL, with Professor Syun-lchi
Akasofu of the GI/UAF as a participating scientist. Mr. Brett Delana i
was project engineer, Miss Kay Driscoll worked as electronic technician 3
and Ms. Pat Brooks (all of G!/UAF) was project administrator. Mr. Al
Koelle of LANL assisted Mr. Freyman as electronic engineer. Mr. Lee
Webster of BMD/ATC was the sponsor project engineer.

Personnel :

The first visit to the GI/UAF to consider the feasibility of the LDE
study was conducted by Mr. Larry Atha, Dr. Darell Harman, Mr. Lee Webster
and Mr. Robert Freyman during the period 10-11 July 1979.

fasks Accomplished:

In general, extensive fleld site and equipment modifications were accom-
plished by the project staff and assistance was provided to Mr. Freyman
and Mr. Koelle during three operating campaigns:

' it AL et sshasten . bl

1. 8-22 July 1980
2. 18-26 September 1980
3. 23 June-8 August 1981
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LDE's were, in fact, observed by Mr. Freyman during campaigns and re-
portad in two publications, '

] . a. ""Measurements of long delayed radio echoes in the auroral 2
A zone," R. W. Freyman, Geophysical Research Letters, Vol. 8, K
S !2;.23 pages 385-388, April, T981. ’ i

b. (This report has not yet been released for publication by i

3 LANL). ;
;f More specifically, as reported in our Progress Reports No. 1 (June 11, :
: 1980) and No. 2 (January 22, 1981) our GI/UAF staff: E

i a. Refurbished a U.S. Navy surplus 4 KW HF transmitter to accommo-
date the emissions required by Mr. Freyman (about 3 man weeks).
The transmitter was tuned to operate on 9.9, 14.5 and 15.4 MHz.

b. Modified the already existinug 2lectronic antenna switching panel
to change from an ionosonde send/receive mode to a circularly
polarized configuration for the LDE study. F

c. Installed and erected an antenna and assisted In assembling
equipment at Ballaine Lake field site.

d. Assisted Mssrs., Freyman and Koelle in a complete and thorough "
test of system frequency stability, spectral purity, etc.

e. Assisted LANL personnel in all areas of logistics associated
with thelr campaigns, i.e., transportation, housing, reserva-
tions, shipping and receiving of equipment, etc.
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f. Installed a telephone at the Shuep Creek site to facilitate
communication.

Lt P

In addition, extensive discussions on theoretical and experimental
relations were held between Professcrs Akasofu and Hunsucker and Mr.
Freyman,

INUE

Campaigns:

1. 15-22 July 1980 - over 2000 LDE's detected at 9.9 MHz. A
positive correlation was obtained between the number of reflec- 3
tions per unit time and local disturbed magnetic conditions.
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2. 18-26 September 1980 - ro LDE's detected. Lack of succass in
observing LDE's partially attributed to the extremely high
level of propagated HF interference received at College near
the 9.9 MHz operating frequency during this part of the sunspot
cycle, Tried two different flald sites In the College area.

3. 23 June-8 August 1981 - many LDE's detected. The official
LANL report has not yet been released. Mr. Freyman indicated
that the reception pattern of the LDE's indicated that they
were propagating in ducts tens of meters in diameter and
kilometers in separation.

During the period 3-8 August 1981, our staff assisted Mssrs. Freyman and
Koelle in disassembling the LDE equipment at the Sheep Creek field site
and restoring the site to its original condition.
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cc: ATC-M = 5
ATC-R ~ 1
DACS-BMT - 1
BMDSC-AOLIB - |
DTIC - 2
R. Freyman - 1|
Gl/UAF Internal - 6
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MEASUREMENTS OF LONG DFLAYED RADIO ECHOES IN THE AURCRAL ZONE
-~ Robert W. Freyman

Los Alamos Naticnal Labovatory, Los Alamos, NM 873545

Abstract. A high-latitude, earth-based high-
requancy (9.982) radicwave backscatter tech-
nique for the real-time detection of Long De~
layed Echoes wes testad at College, Alaska.
Over 2000 apparan: LDE were datectad and ce-
corded from 1S tOo 22 July, 1980.

A positive correlation was obtained between
the number of reflections per unit time and the
probable entry of enhanced solar plasma into
the magnetosphere and/or local disturbed mag-
netic conditions. The modes and paths by which
the signals propagate are yet to be eatab-
lished. However, regardiess of their ocigin,
the echoes seem to bLa genuine and thesa obser-
vations are therefore unique in the study of

LDE radiowave propsgation ghencmenology.
Backgrourd

The phenamencn of Long Delayed Radio Echoes
(LDE) has been extensively studied by Hals

(1934), Stocmer (1929a,b), Budden and Yates
(1952), Vvillard et al. (1969, 1970), Crawford
et al. (1970), Sears (1974), Duffett-Smith
(197%), Vidmar (1978), Goodacre (1980), ard
Muldrew (1979). These papers, which repocted
failure or only limited success in the detec-
tion of IDE, contributed to the planning of the
expezriment and the results described in this
letter,

Hals (1934} and Stormar (1529a,b) repocted
LDE of 3 to 30 seconds, in addition to the usu-
al around-the-world ceturn of 1/7 s, on the
transmissions of the Dutch shortwave telegraph
station PCIJ in Eindhoven. Budden and Yates
(1952) did rnot detect an LDE in a year of ex~
perimentation. Duffett-Smith (1975) also did
not detect any LDE in one million transmis-
sic . villard et al. (1969, 1970) collected
and gumarized amateur radio LDE reports.
Crawford et al. (1970) conducted experiments to
test their theory of propagation in an electron
plasma mode at very low growp velocity.
Goodacre (1980) performed E-F layer ducted mode
experiments and Muldrew wrote 2 review of LDE
research and proposed a mechanism invalving
nonlinear wave-wave interactions. Sears' exper-
iment yielded 31 possible LDE in 3700 hours of
transmissions over a S5 year pericd. Vidmar
(1978) continued this line of investigation at
Sheep Creek, Alaska in 1978 and recorded 9 to
11 possible LOE, but he did not believe any of
the recorded events were valid LDE.

Many LDE mechanisms suggested, invu.ve non—
classical propagation modes at, o near, the
speed of light, or plasma modes at low group
velocites, Nonclassical propagation modes have
been dismissad as a possible mechanism by Sears
(1974) because the beam dispersion after sever-
al seconds would not allow a reflected signal
to be detecta.le akove mise. vVidmar (1978)
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calculaced that the low group velocity mechan=
isns requized an order of magnitude more time
for generation than is available at HF. The low
growp velocity ideas have high attenuation per
uwnit time, which requires a secondary amplifi-
ca:im scheme for a reflected signal above
noise.

Pollowing HF oonjugete backscatter experi-
ments at Los Alamcs, we proposed an alternative
LIE mechanism. This prccess involves the coup-
ling of HF signals through the ioncsphere onto
auroral magnecic field lines, whence they pro-
pagats along magnetic flux tubes into the outer
magnetcsphere until total oc partial reflection
fram plasma density fluctuations or magnetic
perturbations rasult in LDE, It was anticipated
that these propagation and reflection mechan—
isng would be effective only during disturbed
gemagnetic conditions or following salar
flares. The results described may not be de-
pendent upon this mechanism, however it did
influence the planning and operacion of the
expeciment.

Experimant

The experimental objectives were to detect
LDE, engsure ti.at the LDE were fram our trans-
missions, measu:'e the total time of flight, and
determine the logpler shift of the returning
waves. The expe: iment was conducted during July
8-22, 19680. The radio transmitter was ocperated
fram 6 o 12 hours each day, genarally from 9
am o 12 pm ADT (1800-0900 UT o 0600-2100 mag-
netic local time). LDE were cbserved on S days,
for 2-3 hours on each occasion. Three periods
were around magnetic noon and two pericds were
in the late magnetic evening hours.

The pre—experiment oonditions and expecta-
tions were: the transmitter frequency would be
above the plasma fr of the ionosphere;
the transmitted radiation would be in the cir-
cularly polarized, extraordinary mode in order
to be ducted along magnetic field lines in the
presence of plasna (Davies 1966); the echoes of
such transmitted signals would be received in
the circularly polarized, ordinary mode; the
transmission and reception would be from the
earth's surface {n the auroral zone; ard radio-
wave propagation would be at the speed of lighe.

The Shnep Creek Ionceonde Site of the Geo~
physical Institute of the University of Alaska,
near Fairbanks, was selected for the experi-
ment. The transmitter previocusly used by Vidmar
(1978) was made availahle to us alang with a
pair of orthogunal, multiplewire delta antennas
(which was shared with the ionosonde). A
Collins R3I90A receiver, a flux-gate magnetcme-
tar, test equipment, and engineering support
were also supplied by the Institute,

The transmitter power output was 1 kKW on 9.9
MHz. The transmitter pulgse length was fixed at
10 mg, and any number of pulses could be trans-
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mitted in sequence, with 50 ms between the
leading edges of successive pulses.

The R3I90A receiver i.f. output was demodula-

ted in a d.c.~coupled detector. This signal fed
intd a signal processor that accepted only
those echoes whose length was within a 5~ o
15-ms gate and whose intensity exceeded a
threihold established by integrating the aver-
age detector output for the previous 200 ma.
When an e¢cho was accepted by the electronics as
valid, the storage oscilloscope trace was in-
tensified and registered the "echo" as a dot on
the soop=.
The oscilloscope x-axis displayed echcas as a
function of time after tranmission of a pulse
qroup. The x-axis sweep times used were 2, 10
ard lé s. The Dopplar shift was measured by
counting the receiver {.f. during the fizst S
ms of each pulse raturn. This measuremant was
converted to an analog signal and presented as
a vertical deflection on the y-axis. The y-axis
baseline was moved vertically after each aweep
to display uwp o0 18 contiguous 10-s sweeps.

There are three independent methods for as-
certaining the character of motions of reflect-
ing regions: (a) change in the echo time of
distinctive ceflections between successive
sweeps; (b) ocompression or expansion of the
S0-ms interpulse spacing; (c) Deppler shift
measuwrements of the individual pulses. Even
without Kknowledge of the signal propagation
speed, the relative character of these motions
can be noted. Knowledge of the actual propaga-
tion speed would permit determination of abso-
lute speeds and displacamencs of reflecting
regions, All Doppler shift-to-velocity conves-
sions in this letter assume cradiowave propaga-
tion at =he speed of light.

Although the storage oscilloscope has virtu-
ally no gray scale, when the same location is
*hit" a second time the spot size almost
doubicg. Subsequent "hits" produce little
charge in spot diameter,

Rasults

Several thousand apparent [DE, with time de—
lays ranjing from 0.5 to 16 s, were detected
and recorded on transmissions made fram Sheep
Creek between 15 and 22 Ju.y 1980.

Event 1
Gﬁmiul background. On 14 July 1980, at
o8 ur, ar Region 2562 prodced an X1/1D

flare.

LDE recorded. After ssven days of operation,
on 15 July at 2300 UT, less than an hour fram
local tic _ncon, the first evidence of pos-
sible lang ayed echoes was recorded, follow-
ing several hours of transmissions on that day
without [DE. LDE continued to be recorded until
2458 UTr, when excessive temperatures forced
equipment shutdown., At 2306 UT, l4 LDE were
recorded with delays ranging fram 7 to 15 s.
Figure la shows ‘“w» conseciutive transmissions
of a 'wo~pulse seguence with a 16-s "listening”
pericd between transnissions. The receiver
bandwidth was 16 182 centered on the transmit-
ted fraquency of 9.9 MHz,

The first transaission produced all 14 "hits®

in Pig. la betweean 7 amd 15 s, plus "hash" at
the beginaing of the sweep fraw the transmitted
pulses ard local backscattec.

The next “ransmission 16 s later, cecocded on
the same line, cresulted in returns that matched
the first eight earlier "hits* 20 closaly, both
in time ard Doppler shift, that they merged and
ae gseen in Fig. la as the brightening and
eslongating of these dots. The last six hits
were intensified only on the first sweep, 30
they are snaller and less intense.

The information fram the first two sweeps was
photxgraphed and stored on the cecillosoope;
afterr two min had elapsed, two moce transmis-
sions weze made to determine if ay of the pre-
vious targets had moved (Fig. 1lb). Neone of the
previous targets were pracisslvy overwritten,
but the locations of the previous targets and
several new ones in the 4- to 12-8 region were
hit on both gweeps.

All stored IDE were erased, and 2 min later
Fig. 1lc was recorded. This consistad of owo
transmigssions, as before, and once more a num-
ber of the targets were illuminated on both
transmissions, except for the five returns at
extrems range that were detected only once.
'r?aulbtescmle their probahle counterparts in
F g. -

When these data were taken, the system was
still being checked cut and there was no reason
to expect LDE activity (from local magmetic
field changes oc reported solar flares). How
ever, the character of the radio background
mise did change and patterns of illuminated
dots started to appear on the storage scope.
The overwriting of previously recorded returns
was so extraordinary that it was decided to
record tha data even though these were not re—
garded as valid 'DE at the time.

A search had been made for systematic noise
soyurces within the tranmmitter and the adjacent
ioncsonds and all were either eliminated or
{dentified so that they could ba recognized as
such on the recorded data. Such noise, as for
sxarple from the ionosonde's clock, show up as
randomly scattered dots at a rate of no more
than five in fifiteen minutes.

The lov rate of such background noise and the
fact that the transmissions were not synchron—
iz2ed to either power line or standard time make
it extremely improbable that the results shown
in Fig. 1 were dus o artifacts. In addition to
the probability of repeating the timing, it is
difficult vo conceive of a "noisa" process that
watild also cepeat the frequency shift patrtern.
The evidence indicates that, whatever the pro-
cass is, save kind of repsatable echo phencme~
non was being recordad and tnat this process
wag stationary over time periods of at least
Sixtean sSecords.

Event. 2

Gﬂcgmvsical backgeourd. On 17 July 1980, at
08 UT, Solar Region 2562 produced an M3/1B
parallel ribbon flare in H-alpha. On 18 July at
1930 UT, a proton avent reached a maximum of
100 particles/s. The gecmagnetic field was
quiet until a sudden camencement of activity
ac 1928 UT. The Sheep Cresk magnetcmeter moni-
toring the horizontal cocmponent of the earth's

T RN e .




Fig. l. Composite of three sats of stocage
scope traces. A is the fecord of two conwecu-
tive sweeps. b consists of the data shown in a,
overwcitten two minutes later with Swo moce
congecutive sweups. ¢ is tvO swewpe twO minutes
later with all priar infoarmation erased.
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magnecic field also dropped by 240 gamma at
1928 Ur ad remained unsettled for several
hours. The ioncsorda showed no I reflections
and the College 30-MEx cicmeter showed in-
creasad roise fram 1336 to 1956 ', indicating
ioncspheric depletion.

% cecorded. LDE were recocded from 1946 OT

5

1 unt. < By 0126 UT the rumber of retuzns
- had decreased significently ard once again tem-
E' : perature considerations forced us to shut down.

3 Initially, the background noise level was

higher than normal on the transmitter frequency
and an incoherent pulsed signal was bacely au-
dible in the background. On tuning the recaiver
higher in froquency, the background noise -
creaned significantly above the 9.908 o 9.912
Mz cegion and it became appurent that the
pulsed signal was LDE from our cwa transmis-
sions. LDE were still audible, but decreasing
rapidly in intensity, at 9.93 MHz. The signal
to noise ratio was good at 9.92 M4z, %0 the
data in Pig. 2 was recorded. Since the ceceiver
bandwidth was 16 kiz, all returns on PFig. 2 are
from targets with velocities of 182 to 424 s
toward the earth. Since ths raturns decreased
abows 9.93 MHz the maximum tacget velocities
detected were 5795 km/s.

A fer minutes later the background noise on
che transnitter frequency cacteased, and the
data in Pig. 3 was recorded. The number of LDE

JULY 18,1980
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Fig. 2. LDE frae J-pulse sequence transmitted
on 9.90 MHz and received on 9.32 MHz with &
zeceiver i.f. bandwidth of 1o «Hz.
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Fig. 3. LDE fram a 3-pulse sequance transmitced
ard received on 9.30 MHz with a ceceiver i.f.
bandwidth of 16 kHz.

per trarmission is significantly gqreater than
at higher target speeds. Therefore it semns LDE
ware apparsntly reflected from targets with a
cntinus. of speeds rarging from -120 lavs to
575 ky's during this event. ‘
In both PFig. 2 and 3 a triplet of 10-ma
pulses, spacad 50-m8 cen.es-to-center, were
tranamitted at the start of each sweep.

Event 3

sical round. On 21 July, Scla
Reglon 5335 prﬁ'?n_ M8 x-cay burst with a
maximm at 0300 UT. No ionosphecic bursts were
repocted and the cradio bursts were unimpres-
sive. On 22 July between 2300 UT and 2316 UT,
tho Sheep Creek magnetcmetar indicated a 72-
gamma drop in the horizontal camporeant of the
tecreacrial magnetic fileld. The ionoecnds
showed no HF reflections and the ciometer
saturated for six hours starting about 1946 UT,
indicating possible iorcapheric depletion or a
solar noise storm.

LDE. Cn 22 July at 2316 0T, follawing agprox-
imately oma hour of operation, the 9.9 MHz2
backscatter went fram 0 to over 10 hits par
tranmissicn, and the LDE continued at varying
cates for several hours. Intense backscatter
occurred pericdically as shown in Pig. 4, Dur-
ing a particularly active pericd, the transmit-

JULY 22,1980
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Fig. 4. LDE bursts from a 3-pulsa

sequence
rransmitted and received on 9.30 MHz with a
receiver .. of 4 kHz.
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ter was turned off for 16 min to ensuce that
the ceturns were fran our tranmaissions. T™he
incoming signals did not deop 0 gero. Two subd-
scantial bursts of ¢f incoming on 9.9 Miz were
recurded about 3 ard § min after our tranmis-
sions ceased, indicating a possible rf cadia-
tion source not cocrelated with our tranmmis-
siong,

Only a few parosnt of the data recorded dur-
ing July are illustzated in this letter; the
balance of the exparimental data are available
in Freyman (1980).

Conclusiona

This expaciment demonstrated a repeatable
technique for the gquwraticn ad detaction of
apparent LDE. Sevewral thousand appacent LDE
were recorded on film during S events that oc-
curred between Culy 1S and July 22, 1980. Dur-
ing these evente LLI wre abserved for a total
of about 12-1% hours and the moce interesting S
hours ware documented. The balance of the LIE
time was utilized @ perform a sezive of exper-
iments tG determine the walidity of the re=
turns, propagation modes possible, extent of
the Doppler shift of the LDE returns, maximum
LIR delay, existence of independent rf bursts
and the aurrelation of LDE with ionosonde, mag-
netic, and cicameter data.

Qur data is in agreement with the prioc re-
ports of Hals and Stormer. Same transmitted
pulses produce no LDE. Other transmitted pulses
produce several returns. They reported returns
ccawrring several minutes after transmission.
When LDE can ba seen, uncocrelated zf bursts
alaso cocur every few minutes that have no rela-
tionship to the transmitter pulses.

IIE underqgo Doppler shifts canging from zero
o 379 loy/s as well as possible incoberent and
coherent backscatter in the tange of 0 to 3 kHz
during the early poction of an LDE event.

The x-mode tranmmisgions produced LDE; the
o~mode tranmnissions did not. -

LDE were recorded out w0 16 s in mid-day, and
o cocavparable times during late evuning., The
multiple ceturns from different distances from
one tranmmission may indicates that a multipli-
city of transmiasion ducts are !lluminated.

X oocurred during the probable entry of
enhanced solar plasma into the terrestrial sys-
tam and weare most nuperous and dynamic whan

in the magnetic field occurred.

The function of this letter is to present the
experimental results as we cbserved, recocded
ard understand them. Our interpretation of chis
data will be presented after further analysis.
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